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Background: Accurate risk assessment and prospective stratification are of great importance for treatment of acute coro-
nary syndrome (ACS). However, the optimal risk evaluation systems for predicting different type of ACS ad-
verse events in Chinese population have not been established.

Material/Methods: Our data were derived from the Improving Care for Cardiovascular Disease in China-ACS (CCC-ACS) Project, a
multicenter registry program. We incorporated data on 44 750 patients in the study. We compared the perfor-
mance of the following 4 different risk score systems with regard to prediction of in-hospital adverse events: the
Global Registry for Acute Coronary Events (GRACE) risk score system; the age, creatinine and ejection fraction
(ACEF) risk score system, and its modified version (AGEF), and the Canada Acute Coronary Syndrome (C-ACS)
risk assessment system.

Results: Admission AGEF risk score was a better prognosis index of potential for in-hospital mortality for patients with
ST segment elevation myocardial infarction (STEMI) than GRACE risk score (AUC: 0.845 vs 0.819, P=0.012),
ACEF (AUC: 0.845 vs 0.827, P=0.014), C-ACS (AUC: 0.845 vs 0.767, P<0.001). In patients with non-ST segment-
elevation acute coronary syndrome (NSTE-ACS), there was no statistically significant difference between the
GRACE risk scale and AGEF (AUC: 0.853 vs 0.832, P=0.140) for in-hospital death.

Conclusions: AGEF risk score showed a non-inferior utility compared with the other 3 scoring systems in estimating in-hos-
pital mortality in ACS patients.
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Background

Despite remarkable improvements in the treatment of acute
coronary syndromes (ACS), the mortality rate is still poor, at
5-10% according to some reports [1-3]. The risk of further car-
diovascular complications following ACS is substantial [4]. As
such, ACS is a pivotal public health issue throughout the world.
Therefore, accurate risk assessment and prospective stratifica-
tion are of great importance for clinical management of ACS.

Clinical manifestations, electrocardiograms, biochemical anal-
yses, and other quantifiable factors have been used to deter-
mine risk and management options for patients with ACS. A
number of models and scores of varying degrees of complex-
ity have been used in various studies to identify patients at
high risk. Current European Society of Cardiology (ESC) clinical
guidelines and the American College of Cardiology Foundation/
American Heart Association (ACC/AHA) advocate use of Global
Registry for Acute Coronary Events (GRACE) risk scores for
risk assessment stratification [5-7]. Many studies have dem-
onstrated the accuracy of GRACE risk scores for prediction
of ACS-related mortality in hospital and during follow-up af-
ter discharge [8-10]. However, this risk model contains nu-
merous independent variables, which limits its utility. Several
simple cardiovascular risk scores have been proposed in re-
cent years, including the age, creatinine, and ejection fraction
(ACEF) risk score [11-13], AGEF, a modified version of the ACEF
score [14,15], and Canada Acute Coronary Syndrome (C-ACS)
score [16]. These simplified risk models eliminate “overfitting”
of many independent variables. However, these risk scores were
originally designed for different purposes. The ACEF was de-
signed to predict in-hospital outcomes and the C-ACS was de-
signed to predict longer-term outcomes, while the AGEF was
designed to assess contrast-induced nephropathy. In clinical
practice, the use of these scores is often generalized to other
ailments, and they are often not used for their original pur-
poses. Furthermore, GRACE, ACEF, AGEF, and C-ACS have not
been compared in large patient cohorts in China.

This study aimed to compare the predictive and discrimina-
tory abilities of these 4 risk scores with respect to in-hospital
outcomes for ACS patients. Our findings in this study are built
upon a collaboration between the American Heart Association
(AHA) and Chinese Society of Cardiology (CSC): Improving CCC
Project (Care for Cardiovascular Disease in China).

Material and Methods

Study Design and Population

Data from a multicenter registry project focusing on upgrad-
ing the quality of treatment and nursing for ACS patients were
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63641 Patients with ACS from the improving care
for cardiovascular disease in China-ACS project
between November 2014 and June 2017

18891 Data missing

1948 serum creatinine

13651 left ventricular ejection fraction
3292 GRACE scores

A
| 44750 patients met final criteria |

l

| 15825 Patients with NSTE-ACS | | 28925 Patients with STEMI |
| |

(alculating risk score:
CACS, ACEF, AGEF, GRACE

Figure 1. Flow diagram for the selection of the study population.

used in this study. The study setting and facilities strategy of
the CCC project are provided at length in a previous publica-
tion [17]. In each hospital, the first 20-30 ACS inpatient cas-
es in each month were consecutively recruited to this study.
Clinical information was acquired using a standard data-gath-
ering website (Oracle Clinical Remote Data Capture, Oracle).
Patient characteristics, medical histories, symptoms on arrival,
in-hospital treatments and procedures, discharge medications,
and secondary prevention information were collected. During
November 2014 and June 2017, 63 641 patients diagnosed as
having ACS from 150 hospitals were enrolled in the project. Of
these patients, 44 750 were incorporated in this research af-
ter excluding 18 891 (3.3%) patients due to lack available ad-
mission serum creatinine data, left ventricular ejection frac-
tion (LVEF) data, and GRACE risk scores (Figure 1).

Definitions and Risk Scores

ST segment elevation myocardial infarction (STEMI), in line with
the 2010 STEMI guideline [18], was defined as the existence
of typical stethalgia and accompanying symptoms lasting >30
minutes but <12 hours. In addition, there had to be at least 2
contiguous leads with ST segment elevation >1 mm or a new
or undetermined duration of left branch bundle block with a
>2-fold increase in cardiac enzymes (troponin | or T). Non-ST
segment elevation (NSTE)-ACS was determined on the basis of
the primary discharge diagnosis of non-ST segment elevated
myocardial infarction (NSTEMI) and unstable angina. Non-ST
segment elevated myocardial infarction ACS was defined in line
with the diagnostic and management guidelines published by
the CSC[19]. The diagnostic criteria for unstable angina were
as follows: (1) ischemic symptoms at rest or variant angina;
new-onset (ie, within 1 month) angina; ischemic symptoms
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became more frequent, severe, or prolonged, or did not re-
spond to nitroglycerin in recent months for patients with sta-
ble angina; (2) myocardial ischemia detected by electrocardio-
gram or other examination; (3) coronary artery stenosis >70%
with a need for coronary intervention [17]. Hypertension was
diagnosed when there was a high blood pressure history, tak-
ing antihypertensive medicine, and accompanied by systolic
blood pressure (SBP) >140 mmHg, or diastolic blood pressure
(DBP) 290 mmHg. Diabetes was defined as having a history
of a diabetes, taking hypoglycemic agents during prior hos-
pitalization, or glycated hemoglobin Alc concentration 6.5%
and over at discharge.

GRACE risk scores consist of medical history, findings at hospital
presentation, and findings during hospitalization. Components
include age, heart rate, Killip class, SBP, cardiac arrest, ST
segment deviation, serum creatinine, and cardiac biomark-
er status [10]. ACEF scores were estimated with the following
equation, available in the publication in which the model was
defined: Age/EF (%)+1 (if preoperative serum creatinine val-
ue >2.0 mg/dL) [11]. AGEF risk scores were estimated with the
equation age/EF (%)+1 point for each 10 mL/min decreased
in creatinine clearance (CrCl) below 60 mL/min/1.73 m? (up
to 6 points) [14]. LVEF was the ejection fraction value record-
ed before the index percutaneous coronary intervention (PCI).
C-ACS risk scores were assigned based on whether the heart
rate exceeded 100 beats per minute, age 75 years and older,
systolic blood pressure lower than 100 mm Hg, or Killip grade
[I-1V [16]. If the answer is yes, 1 point was scored for each item.

To compare differences among the 4 risk scores, we classified
patients into tertiles using the data collected in this study.
Patients in tertiles |, I, and Il were defined as low-, moderate-,
and high-risk patient populations, respectively. The study end-
points were all-cause mortality and in-hospital major adverse
clinical events (MACEs). Major adverse clinical events were set
to any combined with cardiogenic death, recrudescent myocar-
dial infarction, stent thrombogenesis, and apoplexy. In addi-
tion, in-hospital major bleeding [20] was also recorded, which
was defined as hemorrhage in brain and retroperitoneum, a 4
g/dL and over reduction in hemoglobin levels, or hemorrhage
requiring transfusion and surgical management.

Statistics Analysis

Continuous data are expressed as mean+standard deviations
(SD) or median and quartile ranges. Categorical data are ex-
hibited as counts and percentages. The area under the ROC
curve (AUC) and 95% confidence intervals (Cl) among differ-
ent risk scores for predicting adverse events were calculat-
ed by using receiver an operating characteristic (ROC) model.
SPSS software program version 19.0 (SPSS, Inc.; Chicago, IL,
USA) for Windows was used for statistical processing in our
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study. Bilateral P<0.05 was deemed as significance in statis-
tical analysis.

Results

Baseline Clinical Characteristics

After excluding 1948 patients with missing values for serum
creatinine, 13 651 patients due to insufficient data for LVEF,
and 3292 patients due to lack of GRACE risk scores, 44 750
patients were incorporated in this study, of whom 64.6% were
diagnosed with STEMI and 35.4% presented with NSTE-ACS
(NSTE-ACS). The average age of the sample population was
62.63+12.39 years, and 75.6% were males. The baseline clinical
characteristics of the study population is provided in Table 1.
PCl was performed in 10 149 (64.1%) patients in the NSTE-
ACS group and 23 757 (82.1%) patients in the STEMI group.
The majority of the patients underwent dual antiplatelet treat-
ment with full anticoagulation. During hospitalization, death
occurred in 468 patients (1.0%). Major adverse clinical events
occurred in 1510 (9.5%) patients during the hospitalization
period in the NSTE-ACS group and in 3079 (10.6%) patients
in the STEMI group. Major bleeding happened in 846 (2.9%)
patients in the STEMI group during hospitalization and 310
(2.0%) patients in the NSTE-ACS group.

Based on the 4 risk scores, the in-hospital death (%) rates for
STEMI patients in the low-, moderate-, and high-risk groups
were 0.3, 1.2, and 4.2, respectively, based on C-ACS risk score
(P<0.001, Figure 2B); the mortality rates were 0.1, 0.5, and 2.8,
respectively, based on ACEF risk score (P<0.001, Figure 2B); the
mortality rates were 0.1, 0.4, and 2.7, respectively, based on
AGEF risk score (P<0.001, Figure 2B); and the mortality rates
were 0.2, 0.4, and 2.6, respectively, based on GRACE risk score
(P<0.001, Figure 2B). Similar results were observed in NSTE-
ACS patients (Figure 2A). Incidence of MACEs and major hem-
orrhage during hospitalization stratified by different risk scores
are shown in Supplemenatry Figures 1 and 2, indicating that
the incidences in high-risk patients were significant higher.

Risk Model Discrimination

Table 2 shows the ROC curve comparison for in-hospital ad-
verse events. The predictive accuracies of the 4 risk scores are
presented in Figure 3. In the NSTE-ACS group, the AUCs for in-
hospital death were 0.853, 0.827, 0.832, and 0.766 for GRACE,
ACEF, AGEF, and C-ACS risk score, respectively (Figure 3A). The
C-ACS score exhibited the lowest predictive ability. AUC dif-
ferences for C-ACS and ACEF, AGEF, and GRACE were 0.060,
0.066, 0.087, respectively. The abilities of GRACE, ACEF, and
AGEF risk models to assess in-hospital deaths in the NSTE-ACS
group were insignificant (Table 2).
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Table 1. Baseline characteristics and complications of the hospital survivors with ACS.

Clinical variables NSTE-ACS (n=15825) STEMI (n=28925)
Age 64.9+11.9 61.4+12.5
Csex
"""" Male  10e3699%  2279087%
"""" Female  @e@Euw  ele6QL3%)

Smoke 5926 (37.4%) 14325 (49.5%)
”””” Diabetes 4566w  5803(01%)
”””” Hypertension  908(607%)  14349(496%)
”””” pystpidemia ~ ow@% 1911 669
”””” mo worquaw w74 Gaw
”””” PO 003027% 1273 @a%)
"""" s w600
"""" Stoke  woaiaw 260 01%)
il fibilation 631 @o%) B1oase
| Cardiac arrest before admission 6 5% 399 (14%)
se 35420 0726233
ol 8137 masar
R 7668158 708163
CBodyweight  emsmi2  esesila
Cdtipx2  asigoow  s121@s1%
Sewmcreatinine, mg/dl los08 10:066
Hemoglobingt 1335206 13824199
W s76:s102 s36:100
Cloghospitalstays osis8 noss7

Aspirin 14752 (93.2%) 28051 (97%)
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Table 1 continued. Baseline characteristics and complications of the hospital survivors with ACS.

Clinical variables NSTE-ACS (n=15825) STEMI (n=28925)

AGEF scores 1.34+0.61 1.31+0.57

3079 (10.6%)

NSTE-ACS — non-ST segment-elevation acute coronary syndrome; STEMI — ST segment elevation myocardial infarction; Ml — myocardial
infarction; PCl — percutaneous transluminal coronary intervention; CABG — coronary artery bypass grafting; SBP — systolic blood
pressure; DBP — diastolic blood pressure; HR — heart rate; LVEF — left ventricular ejection fraction; ACEI/ARB — angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker; C-ACS — Canada Acute Coronary Syndrome risk score; ACEF — the age, creatinine and
ejection fraction risk score; AGEF — the modified version of ACEF risk score; GRACE — the Global Registry for Acute Coronary Events risk
scores; AHF — acute heart failure; MACEs — major adverse clinical events.

47 51
4 -
g 37 g
£ £ 3
S 2 =
g Boas 2 2]
£ 4] I ACEF =
I AGEF 1
[0 GRACE
0- 0 __._-.,- | O
Low Moderate High Low Moderate High
NST-ACS STEMI

Figure 2. Rates of in-hospital death in the low-, moderate-, and high-risk groups, according to the GRACE, ACEF, AGEF, and C-ACS risk
scores.

In the STEMI group, the AGEF risk model (AUC=0.845; 95% Cl
0.825-0.864; P<0.001, Figure 3B) exhibited better predictive
potential for in-hospital mortality than GRACE risk score on ad-
mission (AUC=0.819; 95% Cl 0.796-0.842; P<0.001, Figure 3B),
ACEF risk score (AUC=0.827; 95% Cl 0.806-0.849; P<0.001,
Figure 3B), or C-ACS risk score (AUC=0.767, 95% Cl 0.740,
0.793; P<0.001; Figure 3B). The AUC differences between the
C-ACS model and ACEF, AGEF, and GRACE were 0.061, 0.078,
0.053, respectively (Table 2).

Supplementary Figures 3 and 4 summarize the discrimina-
tive ability of these 4 risk models to predict MACEs and ma-
jor hemorrhage. GRACE risk scores exhibited greater predic-
tive power for in-hospital MACEs than the other 3 risk scores
in both the STEMI and NSTE-ACS groups. In addition, GRACE
and AGEF risk scores exhibited similar discriminative ability
for major bleeding.
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Table 2. ROC Comparison for death, MACEs, bleeding, according to the C-ACS, ACEF, AGEF, and GRACE risk score.

Comparison NST-ACS
(Avs B) AUC-A% AUC-B% AAUC% P value AUC-A% AUC-B% AAUC%

Death C-ACS vs ACEF 76.6 82.7 6.1 (2.0to 10.0) 0.003 76.7 82.7 6.0 (3.4t08.7) <0.001
CACSVSAGEF 766 832 66(2810104) <0001 767 845 78(54t0102) <0001
CACSVSGRACE 766 853 87(54t0120) <0001 767 819  52(5to71) <0001
ACEFVSAGEF 827 832 05(13to24) 0559 827 845 18(03to31) 0014
ACEFVSGRACE 827 853 26(03to57) 0082 827 819 08(15to31) 0486
AGEFVSGRACE 832 853 21(07t049) 0140 845 819  26(06t045) 0012

Cmaces CACSVSACEF 751 777 26(12t040) <0001 711 719 08(04tolg 0190
CACSVSAGEF 751 776  25(11t039) <0001 711 721 10(02t020) 0094
CACSVSGRACE 751 797  46(35t056 <0001 711 730 19(11to26) <0.001
ACEFVSAGEF 777 776 01(05t007) 0669 719 721 02(02t006) 0374
ACEFVSGRACE 777 797 20(07to31) 0002 719 730 11021020 0022
AGEFVSGRACE 776 797  21(09t032) <0001 721 730  09(00tol8) 0049

Bleeding  CACSVSACEF 578 641 63(29109.8) <0001 580 576 04(17t024) 0744
CACSVSAGEF 578 650 72(39t0106) <0001 580 582 02(18t023) 0828
CACSVSGRACE 578 646  68(41t096) <0001 580 594 14(01t030) 0062
ACEFVSAGEF 641 650 09(05t023) 0192 57.6 582 06(02to1d) 0149
ACEFVSGRACE 641 646 05(23t033) 0724 576 594 18011035 0038
CAGEFVSGRACE 650 646 04(24t032) 0765 582 594 12(05t029) 0155

ROC - receiver operating characteristics; NSTE-ACS — non-ST segment-elevation acute coronary syndrome; STEMI — ST segment
elevation myocardial infarction; C-ACS — Canada Acute Coronary Syndrome risk score; ACEF — age, creatinine and ejection fraction
risk score; AGEF — modified version of ACEF risk score; GRACE — Global Registry for Acute Coronary Events risk scores; MACE — major
adverse clinical events.

Subgroup Analysis

For mortality, the prognostic power of different scores was
compared in patients who did, or did not, undergo PCl. In pa-
tients receiving PCl, the C-ACS score exhibited a lower inpa-
tient death discrimination ability than GRACE (AUC: 0.759 vs
0.834, P=0.015), ACEF (AUC: 0.759 vs 0.811, P=0.015), and
AGEF (AUC: 0.759 vs 0.827, P=0.014) risk scores. Similar re-
sults were observed in patients who did not undergo PCI
(Figure 4). Moreover, the predictive power of each risk score
system for MACEs and major bleeding were also compared
(Table 3, Supplementary Figures 5, 6).

Discussion

Risk stratification is crucially important for optimum manage-
ment of ACS, and patients with the greatest risk for death or
recurrent ischemic incidents could benefit from further investi-
gation and management. Validation of ACS risk scale is critical
for diagnosis and improved quality of care. There is consider-
able heterogeneity between different models due to differenc-
es in accuracy and predictive potential for adverse prognosis
in ACS. Our study is the first to compare the 4 validated risk
scales for determining prognosis among ACS patients. In our
research, in patients with STEMI, AGEF showed significantly
better ability to predict in-hospital death, while the predictive
utility of GRACE and ACEF in NSTE-ACS patients was not sig-
nificantly different. Overall, AGEF showed non-inferior ability
to GRACE and ACEF in predicting ACS inpatient death.
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Figure 3. Receiver operating characteristics (ROC) curves showing the discriminative ability of the risk scales for the predictive ability
of in-hospital death in patients with NSTE-ACS (A) and STEMI (B).

The most wide-ranging implemented risk score is the GRACE
score [5], which was derived from a large prospective evalua-
tion. The external validity of the GRACE scale has been evaluat-
ed in prospective testing of patients from GRACE and Global Use
of Strategies to Open Occluded Coronary Arteries Ilb (GUSTO-
IIb) trial database, which included patients with unstable an-
gina and STEMI. This scale was produced to evaluate the risk
of mortality at 6 months [6]. In addition, the GRACE risk score
seemed to accurately discriminate between survivors and non-
survivors at long-term follow-up [21]. In contrast, the GRACE
scoring system has been used for prediction of other in-hos-
pital MACEs [22,23]. Luo et al [24] indicated that GRACE risk
score was an excellent predictor of post-myocardial infarction
new-onset atrial fibrillation.

The GRACE risk model consists of 8 factors and is difficult to
evaluate, which limits its use in clinical practice. A simpler
risk score is necessary for broader clinical use. Furthermore,
some factors of the GRACE risk model are categorical bina-
ry variables. Each of these factors require inclusion of defi-
nitions in the model. These definitions are specified for each
risk score, but different operators interpret these variables dif-
ferently, resulting in different final risk scores [11]. Previous
studies have resulted in generation of several new risk scor-
ing systems with differing levels of complexity for identifica-
tion of high-risk patients. Risk scores should be determined
using simple linear formulas for predicting mortality or mor-
bidity at the bedside without the need for calculators or oth-
er methods of assistance [25].

The ACEF score, a convenient tool, was used for mortality pre-
diction in patients receiving elective cardiac interventions. The

predictive value of this scale has been validated in numerous
myocardial revascularization scenarios beyond bypass graft-
ing. Wykrzykowska et al showed that ACEF risk score could
be used in ACS patients receiving PCI [26]. Di Serafino et al
found that ACEF risk score was a valuable tool for determina-
tion of outcomes of patients receiving coronary chronic total
occlusion (CTO) PCI [27]. They also found that ACEF risk score
helped to recognize patients free of harm despite the unsuc-
cessful percutaneous treatment of the CTO.

The 3 risk factors used to determine the ACEF risk score are
continuous variables [11]. Use of fewer variables results in an
easier calculation, and eliminates overfitting by numerous in-
dexes in low-incident populations. Two of the risk factors (age
and serum creatinine value) are not subject to personal esti-
mation. This results in standardized assessment of this risk
prediction model.

Glomerular filtration rate (GFR) and CrCl are more accurate
indicators of kidney function than is serum creatinine. Two
of the most widely implemented formulas for calculating kid-
ney function are the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation and the Modification of Diet in
Renal Disease (MDRD) Study formula [28,29]. Capodanno et al
showed that including GFR or CrCl into ACEF risk score yielded
superior results to the original serum creatinine-based in pa-
tients undergoing PCI [15]. Kalayci et al found that this mod-
ified ACEF risk score had good ability to predict adverse car-
dio-cerebrovascular outcomes after 1-year follow-up [30]. Our
study also showed that AGEF risk score is a better predictor of
all-cause death in patients with STEMI than the other 3 risk
scores in duration of hospital stay. Ando et al investigated 481
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Table 3. Subgroup analysis of ROC curve comparison for in-hospital adverse events.

Comparison Non-PCI
(Avs B) AUC-A% AUC-B% AAUC% Pvalue AUC-A% AUC-B% AAUC%

Death C-ACS vs ACEF 75.9 81.1 5.2(1.8 to 8.7) 0.003 72.8 79.7 6.9(3.9t09.9) <0.001
CACSVSAGEF 759 827 68381099 <0001 728 805 774710106 <0001
CACSVSGRACE 759 834  75(11099) <0001 728 795  67@46t088) <0.001
ACEFVSAGEF  8L1 827 16(01t033) 0072 797 805  08(08t024) 0354
ACEFVSGRACE  8L1 834  23(07t052) 0133 797 795 02(23t026) 0883
AGEFVSGRACE 827 834 07(19t032) 0608 805 795 09(12t032) 0404

Cmaces CACSVSACEF 703 712 09(03to21) 0157 728 748  2007t033) 0003
CACSVAGEF 703 713 10(03to21) 0132 728 746  180Sto31) 0007
CACSVSGRACE 703 734 31@231039) <0001 728 764  36(26t045) <0001
ACEFVSAGEF 712 713 01(04t005) 0858 748 746  02(04t008 0516
CACEFVsGRACE 712 734 22(12t033) <0001 748 764  1604t027) 0009
CAGEFVSGRACE 713 734 21(12t032) <0001 746 764  1806t029) 0002

CBleeding  CACSVSACEF 577 591  14(081035) 023 572 589  17(L7to51) 0322
CACSVSAGEF 577 592  15(06t036) 0168 572 606  3401t066) 0045
CACSVSGRACE 577 606  29(12to4d) <0001 572 628  56(33t080) <0001
CACEFVSAGEF 591 592  01(06t009) 0628 589 606  17(00t033) 0048
ACEFVSGRACE 591 606  15(02t033) 0090 589 628  39(11t067) 0005
CAGEFVSGRACE 592 606  14(04to3.1) 0135 606 628 220041050 0101

ROC - receiver operating characteristics; PCl — percutaneous transluminal coronary intervention; C-ACS — Canada Acute Coronary
Syndrome risk score; ACEF — age, creatinine and ejection fraction risk score; AGEF — modified version of ACEF risk score;
GRACE - Global Registry for Acute Coronary Events risk scores; MACE — major adverse clinical events.

STEMI patients and found that AGEF score was an accurate
prognosticator of contrast-induced nephropathy [14].

The main merit of the C-ACS score is the use of only socio-de-
mographic and simple hemodynamic data, and not an electro-
cardiogram (ECG), blood sample, or a calculator. It is a useful
tool for stratifying risk levels of ACS patients in many settings,
including the emergency system or at home [31]. In the pres-
ent study, the C-ACS score had lower prognostic ability than
the other 3 models in ACS patients. This could be attributed to
the non-involvement of renal function in C-ACS scale, which is
a pivotal prognostic maker in cardiovascular disease [32,33].
Furthermore, classification of cardiac function is very subjec-
tive and may have influenced the results.

Several factors may account for the low in-hospital mortality
in the STEMI and NSTE-ACS groups in our study. First, the in-
cluded hospitals are all tertiary hospitals, which means they

have advanced equipment and therapy, and provide the high-
est level of care. Studies have shown that acute myocardial in-
farction mortality varies by more than 3 times among hospi-
tals at different levels in China [34]. Second, in each hospital,
only the first 20-30 ACS inpatient cases in each month were
consecutively recruited to this study. Third, some patients who
died during transport were not included in this study. Similar
phenomena can be found in other registration ACS studies in
China. Jiyan Chen et al included 8197 adults who underwent
PCl for NST-ACS in 5 hospitals from 2010-2014, and found
that the in-hospital all-cause death was 0.2% [35]. Mengxuan
Chen et al analyzed data on 2128 STEMI patients between 2010
November and 2016 October, showing that the in-hospital mor-
tality rate after PCl was 1.6% [36]. Accordingly, the in-hospi-
tal mortality rate is relatively low among the registered ACS
patients in China. However, the identification of high-risk pa-
tients is still important, and the long-term outcomes and oth-
er adverse events within this population warrant further study.
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Figure 4. Receiver operating characteristics (ROC) curves showing the discriminative ability of the risk assessments of in-hospital

death in patients undergoing PCI (A) or non-PCl (B).
Limitations

This was a retrospective study based on prospectively collect-
ed information. Missing data and confounding factors might
have influenced the results. Furthermore, the CCC-ACS project
only recruits ACS patients in the highest level of public hos-
pital, and there is no information on patients who died be-
fore arriving at the hospital. This may lead to potential selec-
tion bias in this cohort study, thereby reducing the in-hospital
mortality rates of patients. Thus, the patients and outcomes
of this study may not reflect experiences elsewhere in the
healthcare system. More precise results need to be validated
in a broader range of care settings. In addition, AUC and 95%
Cl were used to compare predicted values of different scores,
but the results also found that ROC curves intersected at some
points. Since the size of the overall AUC was compared in this
study, and the AGEF risk score had the largest AUC, it must be
acknowledged that AGEF risk score may be less sensitive and
specific than the other 3 models at some points. Finally, the
study lacked follow-up data. Therefore, the predictive capa-
bility of the different scores with regard to long-term progno-
sis was not evaluated.

Conclusions

The predictive and discriminatory abilities of different risk
scores with respect to in-hospital clinical outcomes in Chinese
ACS patients were compared in our study. In STEMI patients,
AGEF was significantly superior to GRACE and ACEF in predict-
ing in-hospital death, while there was no significant difference
for the NSTE-ACS group. Overall, AGEF risk score showed a non-
inferior utility to the other 3 scoring systems in predicting in-
hospital mortality in ACS patients.
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Supplementary Figure 1. Rates of in-hospital MACEs in the low-, moderate-, and high-risk groups, according to the GRACE, ACEF,
AGEF, and C-ACS risk scores.
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Supplementary Figure 2. Rates of in-hospital major bleeding in the low-, moderate-, and high-risk groups, according to the GRACE,
ACEF, AGEF, and C-ACS risk scores.
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Supplementary Figure 3. Received operating characteristic (ROC) curves showing the discriminative ability of the risk scales for the
predictive ability of in-hospital MACEs (A: NSTE-ACS; B: STEMI).
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Supplementary Figure 4. Received operating characteristic (ROC) curves showing the discriminative ability of the risk scales for the
predictive ability of in-hospital major bleeding (A: NSTE-ACS; B: STEMI).
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Supplementary Figure 5. Received operating characteristic (ROC) curves showing the discriminative ability of the risk assessments of
in-hospital MACEs in patients undergoing PCI (A) or non-PCl (B).
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Supplementary Figure 6. Received operating characteristic curves showing the discriminative ability of the risk assessments of in-
hospital major bleeding in patients undergoing PCI (A) or non-PCl (B).
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